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Abstract — A facile solid state metathesis synthesis of 
barium tungstate (BaWC>4) followed by ball milling and 
subsequent preparation of barium tungstate -graphene 
oxide (BaW04~GO) nano composite using a colloidal 
blending process and its application as a visible light 
photocatalyst for the degradation of Malachite green and 
Methylene blue dyes. The morphology and composition of 
barium tungstate (BaWC>4) nano composite have been 
characterized using X-Ray Diffraction ( XRD ), UV-Visible 
Diffuse Reflectance Spectra (UV-DRS), Raman Spectra, 
Field Emission Scanning Electron Microscopy (FESEM) 
- EDAX and UV Visible Spectroscopy. This composite 
material is found to be a wide band gap semiconductor 
with band gap of 4.3 eV. The sample shows poor 
transmittance in ultraviolet region while it has maximum 
transmittance in visible-near infrared regions. It shows 
an increase in range and intensity of light absorption and 
the reduction of electron-hole pair recombination in 
BaW04 with the introducing of GO on to it. 

Keywords — Barium Tungstate , Graphene Oxide, 
Metathesis, Photocatalytic Degradation, Methylene 
blue, Malachite green. 

I. INTRODUCTION 

Waste water in textile industry is a major source of 
environmental pollution, since the remnant constituent 
dyes in the exhaust are non-biodegradable, highly toxic 
and impart persistent color of high intensity. Several 
methods have been proposed to decolorize such exhausts 
and to remove the organic pollutants by way of 
adsorption, bio-degradation, ozonation, chlorination etc. 

[1]. Recently, heterogeneous photo catalysis has emerged 
as an alternate method for decontamination of such 
organic pollutants, in which metal tungstate 

semiconductors are widely used as photo catalysts. Of the 
various metal tungstate, graphene oxide based metal 


tungstates has been widely studied because of its high 
catalytic activity, high chemical stability and low cost. 
Hybrids materials, i.e., composites consisting of different 
materials, have emerged in materials science. Strong 
interactions at the interface between two different layers 
in a hybrid material can produce unexpected novel 
properties and can have synergetic effects [2], therefore 
they can be regarded as new materials due to the 
emergence of these new properties. Many hybrid 
materials have been studied such as metal-metal hybrids, 
metal-organic hybrids [3], inorganic semiconductors [4], 
inorganic-organic hybrids [5] and carbon materials [6]. 
The synthesis of hybrid materials has been demonstrated 
using several methods, including chemical vapor 
deposition (CVD) [7], template-assisted synthesis [8] and 
self-assembly methods [9]. These hybrid materials have 
Wolframite and Scheelite type structures which is 
commonly found in divalent metal ion tungsten type of 
crystals (AWO 4 or ABO 4 (A = Ba, Sr, Ca, Pb). The 
Wolframite structure is made up of hexogonally closely 
packed oxygens with certain octahedral sites filled by A 
and B cations in an ordered way. These oxygens are not 
closely packed in the Scheelite structure and the 
coordination number of the A cation is eight while the B 
cation is in approximate five tetrahedral co-ordination to 
oxygen, which can be regarded as cubic close-packed 
array of A 2+ and BO 4 2 ' units which are orderly arranged. 
The oxygens are three coordinated to cations in both the 
Scheelite and Wolframite structure. However, in Scheelite 
each oxygen is bound to two A cations and one B cation, 
where as in the Wolframite structure half are coordinated 
to two B cations and half are coordinated to two A 
cations, due to its divalent nature mostly in tungstates 
they have immense interest because of their remarkable 
properties such as luminescence, non-linear optical 
activity, photocatalysis, and scintillation [10-16]. Barium 
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tungstate (BaWCL) is the heaviest member of the family 
of the alkaline earth tungstates. Like many other ABX 4 
type compounds, BaWCL crystallizes at ambient 
conditions in the tetragonal Scheelite-type structure 
(space group [SG] : I41/a, No. 88, Z = 4)[17]. GO behaves 
strongly hydrophilic, and is easily exfoliated in water 
forming stable colloidal dispersions. The as-synthesized, 
graphite oxide typically possesses a carbon-to-oxygen 
ratio of about two, and the material is non-conducting. 
Each fundamental layer of GO consists of a dense two- 
dimensional carbonaceous skeleton containing a larger 
number of sp 3 hybridized carbon atoms and a smaller 
number of sp 2 carbons. It can be reduced either by heating 
or by external reducing agent, to form graphite like 
structure with turbostratic tendency containing few 
oxygen groups [18]. GO nanocomposites were regarded 
as novel photocatalyst for degradation of pollutants due to 
excellent electron conductivity and high transparency of 
graphene oxide. However, a slow electron transfer greatly 
limited to the extended applications in photocatalysis. It is 
introduced to improve the effective electron transfer of 
BaWCL [19]. The addition of small concentrations of 
hydrogen peroxide (H 2 O 2 ) to photocatalytic systems may 
enhance the process efficiency. At higher concentrations, 
hydrogen peroxide was found to have an inhibiting effect 
on photo catalytic reactions [20]. Hydrogen peroxide can 
accelerate the reaction rate by capturing electrons, 
reacting with excess oxygen, or absorbing light with 
wavelengths shorter than 310 nm. In all situations 
described, # OH radicals, which are critical during the 
process due to their high reactivity, are generated [21] In 
this study, we have reported the synthesis of BaWCL and 
BaWCL-graphene oxide composites by adding small 
concentrations of H 2 O 2 to enhance the photocatalytic 
activity. The morphology and composition have been 
characterized using XRD, FT-IR, Raman spectra, SEM 
and ED AX. 

II. EXPERIMENT 

1. Material and Methods 

All the chemicals were purchased of analytical grade 
which can be used directly without any further 
purification. All the reactions were carried out using 
deionized water. The dyes used for this study are 
Malachite green and Methylene blue whose chemical 
formulae are C23H25CIN2 and C16H18CIN3S respectively, 
and the stock solutions of the dyes were prepared in 10 
ppm concentrations in distilled water. 

2. General Procedure 

2.1 Synthesis of BaWCL 

BaWCL is prepared by solid-state metathesis synthesis 
followed by Ball milling. Stoichiometric amounts of 
BaCE (Loba Chemie Pvt. Ltd) and NaWo 4 ( 98 % 
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HIMEDIA) in the molar ratio of 1 : 1 are mixed in an agate 
mortar and ground for 4 hrs in ethanol. After 4hrs of 
grinding, at room temperature the compound is washed 
several times with distilled water to remove the by- 
product NaCl and then the residue is dried at 80°C in hot 
air oven. At the end of this process barium tungstate 
powder is obtained which is obtained is subjected to 
phase identification, micro structural investigation and 
photocatalytic studies. 

BaCl 2 .nH 2 0 + Na 2 W0 4 ^ BaWCL + 2NaCl + n.H 2 0 
The resultant compound BaWCL obtained from the solid- 
state method was taken and ground mechanically in low 
energy ball mill to obtain nano sized metal tungstate. The 
balls to powder weight ratio is 10:1, the mixture is 
grinded at 350 rpm for 4 hrs in wet medium i.e. methanol 
to obtain homogeneous compound. The residue after ball 
milling was dried using hot air oven. 

2.2 Synthesis of Graphene oxide 

Graphene Oxide (GO) was prepared by the well-known 
modified Hummers method [23] from an expanded acid 
washed graphite flakes. In this, 5 g of graphite was added 
into a mixture of 108 mL of H 2 SO 4 and 12 mL of H 3 PO 3 
and stirred for 10 min. To it, 2.5 g of sodium nitrate was 
added. Subsequently, the beaker with reagents is kept in 
an ice bath to maintain the temperature at 5 °C. Now, 15 
g of KMn 04 was added in portions into the mixture, 
which was vigorously stirred. After addition of the 
oxidant, the beaker was heated and kept at 35 - 40 °C with 
continuous stirring. In the next step, 280mL of deionized 
water was added to the beaker and heated to 95 °C and 
maintained the same conditions for about 60 min. To 
complete the reaction 5 ml of 30% H 2 O 2 is added and the 
color of the solution gradually changes to bright yellow . 
The mixture is then washed with 5% HC1 solution to 
remove sulfate ions and with deionized water to remove 
the chloride ions to maintain neutral pH. After 
centrifugation the gel like substance is vacuum dried at 60 
°C for more than 6 hrs to get GO as powder. 

2.3 Synthesis of BaW04/GO Nano composites 
BaW 04 which is synthesized by Solid State Metathesis 
and GO which is synthesized by modified Hummers 
method are taken [23]. To prepare these nano composites, 
lml of 10% GO was dispersed in ethylene glycol solution 
under sonicator for 30 minutes and lgm of barium 
tungstate is dispersed in GO solution. The above mixture 
is kept under continuous stirring for about 2 hours. A 
blackish coloured precipitate is collected washed with 
10% ethanol and dried in vacuum oven at 80 °C for 12 
hours [24]. The obtained BaW 04 -GO composite was 
characterized by X-Ray Diffraction (XRD), FT-IR, 
Scanning Electron Microscopy (SEM) and EDS, UV- 
Diffused Reflectance Spectroscopy, Raman Spectroscopy. 
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3. Photo Catalytic Experiments 

Photo catalytic activity of the synthesized BaW04-G0 
nano composite was evaluated by de-colorization of 
Methylene blue and Malachite green dye solutions. The 
experiments were carried out under the visible light 
irradiation in presence of BaWCVGO as photo catalyst. 
The photo catalysis process is carried out in a visible 
light photo reactor constructed with an outer wooden 
cabinet equipped with a magnetic stirrer, a 400 watt 
metal halide lamp, an exhaust fan and an electric power 
supply cable. The reaction was carried out by adding 
0.05 gms of the as -synthesized nano composite and 
2.5mL of H2O2 into 1000 mL Borosil glass beaker 
containing 100 mL of dye solution (10 ppm). The 
suspension was magnetically stirred in dark for 30 
minutes to obtain desorption/absorption equilibrium 
before irradiating the solution to the light. The solution 
was irradiated under halide lamp and aliquots were drawn 
at regular time intervals, centrifuged and the transparent 
dye solution analyzed for absorbance using visible 
spectrophotometer (Model No SYSTRONICS-105 with 
340 nm to 960 nm). 

Percentage degradation of the dye was calculated using 
the following formula. 

A —At 

% Degradation = — — equation (1) 

A 0 

Where A 0 is absorbance of dye at initial stage A t is 
absorbance of dye at time t. 

4. Instrumentation 

Retsch® Planetary Ball Mill PM 100 bench top grinding 
station has been used for ball milling. The resulting 
powder was characterized using X-Ray Diffractometer 
(PANalytical- X’ Pert PRO, Japan) at room temperature, 
using Nickel Filter Cu-Ka radiation (X= 1.54059 A), over 
a wide range of 10° < 20 < 80° with a scanning speed of 2° 
min-1. The morphology of the as -synthesized samples 
was investigated by field emission scanning electron 
microscopy (FESEM, LEO 1550). Band gaps were 
calculated using Single Monochromator UV-2600 
(optional ISR-2600Plus, X up to 1400nm). FT-IR spectral 
data were recorded from BRUKER ALPHA FT-IR with 
Opus 6.1 version and on a Perkin Elmer Spectra-880 
spectrophotometer, using KBr pellets at 400-4500 cm" 1 
region. 


III. RESULTS AND DISCUSSION 
5.1 X-Ray Diffraction 


lotos jeb] 



Fig.l: XRD- Spectrum of Graphene Oxide 



Fig. 2: XRD pattern of Barium tungstate-GO composite 

Fig-1 shows the X-Ray Diffraction plot of nano graphene 
oxide and Fig-2 shows the X-Ray Diffraction plot of 
BaW04-GO nano composite. These peaks are in good 
agreement with the characteristic peaks of BaW04. While 
a distinct peak for pure graphene oxide was observed at 
26 =10.2° (Fig-1). This GO related peak is not observed 
in BaW04-GO plot due to the low amounts of GO and the 
resultant low diffraction intensity that would be below the 
limit of detection of the instrument [25]. The phase purity 
of the as -synthesized materials was confirmed by 
representative XRD analysis. As shown in Fig-2 the as- 
prepared powder samples have similar narrow 
characteristic peaks locating at 17.1°, 26.2°, 28.8°, 34.1°, 
43.2°, 46.2°, 47.2° and 49.4°. These results suggested that 
all the diffraction peaks could be assigned to the 
tetragonal Scheelite phase where as a = 0.561 nm, c = 
1.271 nm of BaW04 with space group I41/a JCPDS card 
no. 85-0588 [26,27]. 
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5.2 Fourier Transform Infrared Spectroscopy 

Optical studies of barium tungstate nano crystals FT-IR 
spectrum, shows a strong band at 833cm' 1 characteristic 
of W-0 vibrations of the WO4 2 ' group [28, 29] is shown 
in Fig-3. FTIR spectrum of BaW04 nano crystals 
synthesized in aqueous medium have broad band at 
3448.75 cm' 1 and at 1632.52 cm' 1 are due to the 
vibrations of adsorbed water molecules on the sample. 
The broadness is attributed to the characteristic nano 
nature of the particles [30]. 


Fig. 3: FT-IR spectra of barium tungstate and 
Graphene Oxide composite 

5.3 Composition and Morphology Study 



Fig. 4: SEM images and EDS of barium tungstate and 
graphene Oxide composite 
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over morphology of the final products samples is 
confirmed by ED AX analysis. The atomic percentages of 
each element are Ba-39%, W-37.8%, 0-12.6% and C- 
6.3%. These results show that appropriate quantities of 
Ba, W and O are present in the samples which is shown in 
Fig. 4. Among Scheelite tungstates, SEM showed 
granule-like features for Ba materials. When the net 
inorganic surface charge was negative 
([Ba 2+ ]/[W04 2 ”]<l), the initially formed particles of 
BaW04 had a negative charge due to the excess W04 2- 
ions. These particles are strongly interacted with cationic 
surfactants and played an important role in the 
morphology of BaW04 products [31]. 

5.4 UV Diffuse Reflectance Spectral Studies 
The optical properties of pure BaW04, nano BaW04 and 
BaW04-G0 composite were evaluated by UV-diffuse 
reflectance spectroscopy, shown in Fig 5. The optical 
absorbance spectra for BaWC>4 nanoparticles and 
BaWC>4-GO appeared in the ultraviolet region 285nm, by 
introducing graphene oxide on the surface of nano 
BaWC>4, there was a similar absorption edge with nano 
BaWC>4, indicating that the graphene oxide was not 
incorporated into the lattice of BaWC>4 and just got 
adsorbed on its surface [32]. 

It was reported that absorption is a powerful, non- 
destructive technique to explore the optical properties 
of sample. To calculate the direct band gap of the sample, 
UV-DRS uses Tauc relationship is 

ahv=A(hv-Eg) n equation (2) 

Where, ‘a’is the absorption coefficient, ‘A’ is a constant 
and n= 1 / 2 for direct band gap sample. 



790 300 4QC 1O0 BO TOO BOO 
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Fig. 5(a): Band gap spectrum ofBaW 04 and nano BaW 04 


The nano structures and morphologies of samples are 
examined by SEM characterization. It shows that the nano 
structured BaWC>4 particles have a rough surface, than the 
BaW04-G0 nano composites, due to its irregular particles 
anchored on the surface of BaWCU. From this, it can be 
clearly observed that the prepared sample consists of nano 
particles in the size of <50 nm in diameter. The well 
defined particle features of the tungstates synthesized by 
SSM reactions showed that these reactions have control 
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Fig. 5(b): nano BaW04 and nano BaWC>4- GO composite 
From the plot of absorbance Vs wavelength (X), 
wavelength of the material is estimated and band 
gap is calculated from the equation 

„ 1240 

equation (3) 

Where X is the Wavelength of the material from the 
graph. Eg is the bandwidth to be calculated. As show 
in Fig 5. a and Fig 5.b, the optical absorbance spectra for 
BaW0 4 , nano BaWC>4 and nano BaW04-G0 nano 
composite appeared as 285 nm. The measured optical 
band gap (F’g) for BaW0 4 is 4.3eV [3 3]. 

The basic optical properties and optical constants of the 
nano BaWCU are studied using UV-visible absorption 
spectroscopy which showed that the material has a wide 
band gap semiconductor with band gap of 4.3 eV. The 
sample shows poor transmittance in ultraviolet region 
while maximum in visible-near infrared regions. 

As the band gap is the energy difference between valance 
and conduction band, the presence of these intermediate 
levels resulted in the reduction of optical band gap 
energy. The BaWC>4 prepared by the present method 
possess wide band gap along with good transmittance in 
the visible region which is suitable for transparent 
conducting oxide films of window layers on solar cells 

[31]. 

5.5 Raman Spectral Analysis 



Fig. 6: Raman spectra ofBaW04-GO nano composite 

The Raman spectra of Scheelite crystals can be divided 
into two groups, internal and external. The first is called 
lattice phonon mode which corresponds to the motion of 
Ba 2+ cation and the rigid molecular unit. The second 
belongs to the vibration of inside [WCU] 2- molecular units 


with the centers of mass stationary. Raman-active phonon 
modes can be employed to estimate the structural order at 
a short range of a material. We expect 13 Raman-active 
modes in BaWCU. All the observed Raman modes are the 
characteristics of a Scheelite tetragonal [9, 40-42]. The 
internal modes] l(Ag ), ]2 (Eg), ]3(Eg), and ]4(£g)were 
observed at 924, 842, 790 and 345cm- 1 [30] shown in 
Fig .6. 

5.6 UV- Visible spectroscopy 

The UV-Vis spectral range is approximately at 200 to 
800 nm, as defined by the working range of typical 
commercial UV-Vis spectrophotometers. The short- 
wavelength limit for simple UV-Vis spectrometers has 
the absorption of ultraviolet wavelengths less than 180 
nm by atmospheric gases. Purging a spectrometer with 
nitrogen gas extends this limit to 175 nm. Working 
beyond 175 nm requires a vacuum spectrometer and a 
suitable UV light source. 



Fig. 7: Methylene blue UV -Visible spectra 
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Fig. 8: Malachite green UV- Visible Spectra 


Fig. 7&8 shows that high intensity peak at 667nm for 
Methylene blue and 617 nm for Malachite green 
respectively. The absorption wavelength of Methylene 
blue was maintained at 6 6 7 nm and Malachite green was 
maintained at 617 nm throughout the study and the 
percentage of degradation of Methylene blue, Malachite 
green was carefully monitored at various time intervals. 

5.7 Photo Catalytic Activity Studies 
The photo catalytic activity of the nano BaW0 4 -GO 
composite was investigated towards the degradation of 
organic dyes Methylene blue (MB) and Malachite green 
under visible light irradiation is represented in Fig. 9 
which shows the comparison between micro, nano 
BaW0 4 and BaW04-GO nano composite Aiming at 
eliminating the effect of adsorption on the dye 
degradation efficiency, before each photocatalytic 
process, the adsorption-desorption equilibria between the 
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dye and the photocatalysts were first obtained at 30 min 
and it is sufficient time to reach equilibrium. After 30 min 
the reaction mixture is exposed to visible light under 
constant magnetic stirring and aliquot of the reaction 
mixture is collected for every 10 min and subjected to 
UV-Vis analysis. It can be seen that the intensity of the 
absorption peaks decreased as the reaction progressed 
with BaW0 4 -G0 as the catalyst. For getting 100% 
degradation MG takes 110 min and for MB takes 90 min 
shown in Fig. 9a and 9b. 

■ H207 



Fig. 9a: MB degradation curves 


• MSOJ 



TIME (MIN) 

Fig. 9b: MG degradation curves 

Fig - 9a&9b Photo degradation plots of Malachite green 
and Methylene blue with barium tungstate, nano barium 
tungstate and barium tungstate -graphene oxide nano 
composite. 

5.8 Effect of Graphene oxide % composition on the 
photocatalytic activity 

Malachite green and Methylene blue dye can be more 
easily adsorbed by GO (MG&MB degradation efficiency 
~75%) rather than the BaW04 (MG&MB degradation 
efficiency ~3%) catalyst. Its adsorption capacity was 
enhanced when GO was introduced on BaW04. The 
performances of the prepared samples, including pure 
BaW04 and modified BaW04 by graphene oxide with 
different percent compositions were investigated with 
regard to the degradation of MG&MB under visible light 
irradiation. There is almost no photodegradation in the 
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absence of the catalyst. This suggested that, negligible 
amount of degradation by light can be ignored. In the 
presence of nano BaW04, for Malachite green and 
Methylene blue dyes 110 to 120 min is sufficient to 
degrade under visible light irradiation. The BaWCU-GO 
nano composite has enhanced the photocatalytic 
degradation of Malachite green and Methylene blue dyes. 
The efficiencies of dye degradation were significantly 
improved from 80% to 100% in a time interval of 60 to 
80 min by improving the amount of graphene oxide from 
5% to 10% in the BaWCU-GO composite. Even though by 
adding up to 20% of graphene oxide in the ciomposite, 
degradation efficiency remained the same shown in Fig. 
10 and Table 1. This suggests that graphene oxide with 
an amount of 10% in the BaWCU-GO composite performs 
the best in removing the organic pollutants in waste water 
under visible light irradiation. 


Table. 1: Effect of loading of GO on catalyst 


Entry 

Catalyst loading 

Degradation % 

1 

Blank 

0 

2 

lOmg 

45 

3 

20mg 

80 

4 

50mg 

100 

5 

lOOmg 

100 

6 

200mg 

95 

7 

500mg 

87 

8 

lOOOmg 

75 



ty GO 


Fig. 10: % of GO Composition on catalyst 
5.9 Effect of Photo catalysts Dosage 
A number of reports have demonstrated that catalyst 
dosage has a large influence on the reaction rate. The 
effect of photocatalysts (10% BaW04-GO nano 
composite) dosage on the photocatalytic degradation of 
Malachite green and Methylene blue was studied and 
shown in Fig. 11. The dosage amount was varied from 
lOmg to lOOmg/lOOml and all the observations are 
carried out at room temperature. It can be concluded that, 
with the increase in amount of catalyst dosage from lOmg 
to 50mg/ 100ml, the degradation efficiencies were 
significantly improved. This phenomenon is may be due 
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pollutants in order to optimize the oxidation efficiency of 
H 2 0 2 [34]. 


to increase in the amount of catalysts dosage, which 
would increase the reactive sites that can correspondingly 
produce more reactive oxidative species. However, too 
much catalyst dispersed in the system will possibly 
increase light scattering and decrease light penetration 
[28], resulting in the reduction of degradation efficiency 
of MG&MB in a system with excessive photocatalysts. 
10% and 20% GO-nano BaWCL are having similar 
percentage of degradation composite performs the best in 
removing the organic pollutants in wastewater under 
visible light irradiation, shown in Table 2. So the 
experiment was carried out with 10%GO-Nano 
composite. 

Table. 2: Effect of Loading of BaWC> 4 -GO Catalyst 


Entry 

Catalyst loading 

Degradation % 

1 

Blank 

0 

2 

lOmg 

45 

3 

20mg 

80 

4 

50mg 

99 

5 

lOOmg 

99 

6 

200mg 

95 

7 

500mg 

87 

8 

lOOOmg 

75 


Table. 3: Effect of loading ofH 2 Q 2 


Loading of H 2 0 2 

% Degradation of dye 

1 

86 

1.5 

91 

2 

98 

2.5 

98 

3 

85 

3.5 

80 





M O •rmnirrl 



»«** JO>* tO** t0O>** XKHo MO** «00O** 
Effect of cototyot tooang at mg 


Fig. 11 : Effect of photo catalytic dosage on MB and MG 

5.10. Effect of amount of H 2 O 2 

The effect of the initial H 2 O 2 dosage on the 
decomposition efficiency of dye (MB /MG), shown in 
Fig. 12. The oxidation degradation conversion of 
dye(MB/MG) increased and reached a maximum when 
the amount of H 2 O 2 added was 2.5mL. After that, the 
decolourization efficiency drastically decreased as the 
amount of H 2 O 2 was further increased. When the amount 
of H 2 O 2 was first increased, more reactive radicals were 
generated on the surface of BaWCL-GO composite. At 
lower concentration, H 2 O 2 inhibits the recombination of 
photogene rated electrons and holes and higher 
concentration, H 2 O 2 is a powerful OH- scavenger, which 
would decrease the oxidation activity, is shown in Table 
3. Therefore it is necessary to choose a proper amount of 
H 2 O 2 according to the kinds and concentrations of 


Fig. 12: Effect of amount ofH202 
5.11 Effect of pH of Initial dye Solution 

Considering that the pH of waste water is possibly 
different, its effect on the photocatalytic degrading dye 
(MG/MB) in the presence of BaW 04 -G 0 under visible 
light irradiation was explored. It has been reported that, 
with an increase of pH of the dye (MG/MB) solution, it 
may reduce the adsorption of dye (MG/MB) on the 
photocatalyst. This resulted in the improvement of 
degradation efficiencies when pH of the MG solution 
increased to 8 and for MB solution increased from 8to 9 
[35] is shown in Table.4 and Fig. 3. The transformation of 
BaWCL damages the BaW 04 -G 0 structure and eventually 
reduces the photocatalytic activity. 

Table.4: Effect of pH Vs % degradation of MG and 
MB 


pH 

% Degradation of MG 

% Degradation of MB 

6 

90 

90 

7 

94 

95 

8 

98 

198 

9 

95 

98 

10 

89 

90 
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4 

“ 1 




M 4 


•tt4 » » T 1 

• y • i «6 

pH ■IObcI 

Fig. 13: pH range of BaW 04 -G 0 nano composite on 
Malachite green and Methylene blue 

5.12 Effect of Temperature 

Temperature of the photocatalytic reacting system was 
also varied from 0 to 80°C to explore its effect on the 
photocatalytic performances of the prepared samples 
under visible light irradiation. When the temperature of 
the reacting system is in the range of 20-60°C, the 
photocatalytic performances in degrading dye (MG/MB) 
were similar, and only slight increases were found with 
the increase in temperature shown in Fig. 14. However 
when the temperature was fixed at 0° C, the photocatalytic 
activity was significantly reduced, this might be due to 
the decreased mass transfer of pollutants to the surface of 
photocatalysts and the decreased generation rate of 
oxidative species. When the temperature was as high as 
80°C, the photocatalytic activity was greatly decreased. 
High temperature favors the recombination of charge 
carriers and desorption of adsorbed organics on the 
photocatalysts. These results can be regarded as evidence 
of temperature controller needed for solar devices. 



Fig. 14: Effect of temperature of MB and MG 

5.13 Reusability of the catalyst 

Reusability of the catalyst (BaW04-G0 composite) was 
also studied under the optimized conditions. After the 
reaction finished, the catalyst was recovered and washed 
with distilled water and ethyl alcohol. The recovered 
catalyst was treated again by H2O2 for the next 
degradation run. The removal efficiency of dye (MG/MB) 
was 90% in the first run, 60% in second run and 25% in 
the third run over 80-150 min under visible light 
irradiation shown in Fig- 15 and table 5&6 . The slight 
decrease can be attributed to the loss of photocatalysts 
between two runs and some refractory intermediates 
adsorbed on their surface which are difficult to be 
destroyed [36]. Despite this slight reduction in removal 
efficiency, the stability of the reused BaW04-GO 
photocatalysts after degradation of dye (MG/MB) is still 
significant. 

Table. 5: Reusable capacity of catalyst in MG 
No of runs recoverability % 


First run 

90 

Second run 

60 

Third run 

28 


Table. 6: Reusable capacity of catalyst in MB 


No of runs Recoverability % 


First run 

90 

Second run 

58 

Third run 

25 
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Fig.15: Reusable capacity of MG and MB on BaW 04 - 
GO nano composite 

6. Plausible Photocatalytic Mechanism 

The plausible mechanism for the photocatalytic activity of 
the catalyst can be attributed to the presence of 71- 
conjugation and 2D planar structures of graphene oxide in 
the BaW 04 -G 0 composite which can adsorb organic 
molecules easily on its surface via strong n-n interactions 
[30]. Additionally, graphene oxide possesses high charge 
carrier mobility and can be regarded as an electrons 
acceptor. It can greatly decrease the recombination rate of 
photo-generated electrons and holes. Upon visible light 
excitation, the electron-hole pairs (h + ,e ) are generated on 
the Barium tungstate-graphene oxide surface followed by 
the instant transfer of photo -generated electrons onto 
graphene oxide via a percolation mechanism and then the 
negatively charged graphene oxide can activate the 
dissolved oxygen to produce superoxide anion radical, 
while the holes can react with the adsorbed water to form 
hydroxyl radical. Finally, the active species, holes, 
superoxide anion radical and hydroxyl radical oxidize the 
Methylene blue and Malachite green dye molecules 
adsorbed on the active sites of the barium tungstate- 
graphene oxide system through the n-n stacking and 
electrostatic attraction. 

Ba-W0 4 -G0 + ho ^ e + h + + Ba-W0 4 -G0 
h + + H 2 0^ # OH + H + 


h + + 0"-> # OH 

h + + Ci 6 Hi 8 N 3 S + C1- (Ci 6 Hi8N 3 S + Ciy 
h + + C 23 H 25 C1N 2 ^ (C 23 H 25 C1N 2 ) + 
e" + 0 2 — > *0 2 " 

•0 2 + H + ^ *OOH 
*OOH — > 0 2 + H 2 0 2 

h 2 o 2 + # 0 2 - # oh+oh+o 2 

H 2 0 2 +ho^2 # OH 

Ci 6 Hi 8 N 3 S + C1- + COH, H + -OOH or O 2 ) 

co 2 +h 2 o+so 4 2 +no 3 - 

C 23 H 25 C1N 2 + COH, H + *OOH or O 2 ) ^ C0 2 +H 2 0+S0 4 2 - 

+no 3 

Scheme- 1 Plausible Mechanism for photocatalytic 
activity. 

IV. CONCLUSION 

The BaW0 4 and Graphene Oxide were prepared by the 
simple, low-temperature route. Furthermore, they were 
characterized by the XRD, FTIR, SEM, EDAX, Raman 
Spectroscopy and UV-visible Spectrophotometer 
techniques. The XRD patterns show the prepared samples 
are of tetragonal-type structure. No impurity phase has 
been observed in XRD. The SEM studies confirmed the 
presence of granular-like grains in the samples. The 
EDAX data confirmed the presence of corresponding 
elements in the samples. The band gap data obtained on 
the sample based on absorbance spectra studies are 
similar to the reported data. It was found that among the 
samples studied, the as-prepared BaW0 4 -G0 composite 
with H 2 0 2 is more effective in degrading the Methylene 
blue and Malachite green dye present in the water sample 
in presence of visible light at the wave length of 657nm 
and 617 nm at normal room temperature. Hence, BaW0 4 
nanoparticles are suggested as a potential candidate to 
remove organic pollutants present in water by simple 
photocatalysis at room temperature. 
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